The paper explains the heterocoagulation of micro-size particles and non-polar oil droplet in polar organic solvent in order to verify the mechanism of two-liquid flotation when separating fine powders. In other words, the zeta potential and the size of aggregated particles were measured, and then the total potential energy was calculated according to the DLVO theory. The results indicated that the heterocoagulation of one of fluorescent powders and n-heptane droplet in DMF solvent is feasible in the presence of surfactant ((1) in the presence of 2 Â 10 À4 mol L À1 of DAA, heterocoagulation of green particle-n-heptane droplet, (2) in the presence of sodium 1-octanesulfonate 20 Â 10 À4 mol L À1 , heterocoagulation of blue particle-n-heptane droplet). Based on these results, the heterocoagulation mechanism of fine particles and non-polar oil in polar organic solvent was evaluated and thus the mechanism of two-liquid flotation of fine particles was elucidated. These findings are also verified by presenting a set of experimental results regarding the separation of a mixture of fluorescent powders.
Introduction
Heterocoagulation of fine particles is important for many industrial applications, such as separation of fine particles, [1] [2] [3] [4] [5] [6] deposition of polymethyl methacrylate latex on fibers, 7) adhesion of fine particles to a quarts plate and their removal, 8) diffusional detachment of colloidal particles from solid/ liquid interfaces, 9) and polymer lattices with spherical silica. 10) Generally, the separation of a mixture of fine particles is conducted by mineral processing techniques, i.e. flotation, 1, 2) emulsion flotation, [3] [4] [5] and two-liquid flotation. 6, 11) All these techniques take advantage of the heterocoagulation of particle and non-polar oil in polar solvent.
Although heterocoagulation of fine particles and non-polar oil droplet in aqueous solution has been reported, 11, 12) little has been reported regarding the heterocoagulation of fine particles and non-polar oil droplet in organic solvent. Thus, it is important to understand and investigate heterocoagulation of particle and non-polar oil in polar organic solvent.
The objective of the present study is to better understand and to investigate heterocoagulation of fine particles and nonpolar oil droplet in polar organic solvent in order to verify the mechanism of two-liquid flotation when separating fine particles. In other words, the authors (1) measure the input parameters, i.e. the zeta potential and the aggregate size of particles, (2) calculate the potential energy by using DLVO theory, and then (3) evaluate the heterocoagulation of fine particles and non-polar oil in polar organic solvent. These results are verified by presenting a set of experimental results on the separation of a mixture of fluorescent powders.
Two-Liquid Flotation
Two-liquid flotation, also referred to as liquid-liquid extraction, is a mineral processing technique for separating a mixture of fine particles (less than 10 mm) [13] [14] [15] by using two kinds of solvents, i.e. a polar solvent and a non-polar solvent in order to create two different phases. Moreover, a surfactant is also used for manipulating the wettability of one component of the mixture. 16 ) As a result, one of the powders will agglomerate and be attached to small droplets of non-polar solvent, whereas the others will disperse in a polar solvent.
In separation, after the mixture of particles is added in a mix of solvents and surfactant, it is shaken and allowed to settle. As a result, one component of the mixture to be agglomerated migrates toward the non-polar phase, and remains at the interface of two phases that can easily be separated each other.
The driving forces are the non-polar oil-particle interactions due to long-range intermolecular forces in the polar phase, 17) which has been described by DLVO theory, 11) and the capillary forces, which supports the component remaining at interface due to surface free energy created at the boundary of phases.
16) The efficiency of two-liquid flotation is primary affected by the following parameters: (a) powder characteristics, i.e. wettability, 18) zeta potential 11) and size of aggregates; (b) type of solvent, i.e. hydrophobic, or hydrophilic, (c) type of surfactant, i.e. ionic (cationic or anionic surfactant) or non-ionic surfactant; and (d) surfactant concentration.
In the present study, heterocoagulation of fluorescent powders and non-polar droplet is investigated in order to elucidate the mechanism of two-liquid flotation when separating a mixture of the fluorescent powders (i.e. red, green, blue). The fluorescent powders contain variety of rare earth elements, which need to be recycled.
Heterocoagulation of Particle and Non-Polar Oil Droplet

DLVO theory
Heterocoagulation of colloidal particles in aqueous solution is commonly described by using DLVO theory, 19, 20) where the total potential energy is expressed as the sum of the potential energy of interaction due to van der Waals' force, V A , and potential of the overlap of electrical double layers, V R . Nevertheless, here the DLVO theory is applied to a system of micro-size particles immersed in a polar organic solvent.
In the present study, the total potential energy is therefore calculated by using the following eq. (1):
Assuming that the average radius of the particles (or aggregate) (a) is much smaller than that of the non-polar oil droplets (a no ) (a ( a no ), V A and V R can be expressed for the interaction between a sphere and an infinite plate with opposite electrical charges:
where " 0 is the dielectric constant of free space, " r is dielectric coefficient of polar solvent, is the Debye-Huckel reciprocal length, a is the radius of the particle, 1 and 2 are the surface potentials of the particle and the non-polar oil droplet (which are considered to be similar to the zeta potential of the particle 1 and zeta potential of the non-polar solvent 2 , respectively). The Hamaker constant A 132 in eq. (2), used in evaluating interaction between the particle 1 and non-polar oil droplet 2 in polar solvent 3, is calculated using the following equation: 21) A 132 ¼ ffiffiffiffiffiffiffi
where A 11 , A 22 , A 33 refer to the Hamaker constant of the particle, the non-polar oil droplet, and the polar solvent, respectively. The Debye-Huckel reciprocal length in eq. 3 is expressed for a solution of 1 : 1 electrolyte by:
where e is the elementary electrical charge, N A is the Avogadro's number, c is the concentration of surfactant below critical micelle concentration (CMC), z is the valence of the surfactant, and k is the Boltzmann's constant, T is the absolute temperature in degrees Kelvin. Generally, the DLVO theory describes the heterocoagulation of colloidal particles in aqueous solution. Nevertheless, we applied the DLVO theory for evaluating the heterocoagulation of colloidal particles in a polar organic solvent because the polar organic solvent has similar dielectric coefficient (" r ) to aqueous solution, and the electrolyte concentration is substituted by the surfactant concentration (c) for calculating total potential energy.
3.2 Interactive force measurement in high concentration of particles In order to measure the size of aggregate as an input parameter for calculating potential energy, the interactive force measurement was conducted by using what is called the interactive force apparatus (IFA). 22) Figure 1 shows the main part of the apparatus. The apparatus measures the interactive force between two surfaces, i.e. the gold-coated glass hemisphere and the brass flat plate, which is fixed at the bottom of the sample cell (Fig. 1) . The apparatus has three parts, i.e. main part which consists of electric balance, hemisphere and flat plate, control part (i.e. personal computer and piezo-stage controller), and detecting part (i.e. multimeter and oscilloscope).
The hemisphere was hung to the electric balance, and immersed in the sample solvent (Fig. 1) . The weight of the hemisphere was measured and recorded by using an electric balance, while the flat plate moved toward the hemisphere, decreasing the distance d from a certain distance (e.g. 20 mm) to 0 mm (Fig. 1) During the measurement, the electric field is applied between the hemisphere and the flat plate, and thus dielectric particles are arranged toward the direction of electric field in the area between two plates. When the plates are close to each other, two different forces (i.e. repulsive force and attractive force) will alternately act on particles. The repulsive force occurs when the structure of particles is stretched by compressive force, whereas the attractive force occurs when the aggregate structure is broken. The cycle of the repulsive and attractive forces is the primary size of particle or the size of aggregate, which depends on the degree of agglomeration. The samples used in the present study are various fluorescent powders, i.e. red, green, blue powders, or a mixture of them (mixing ratio 1 : 1 : 1) that are widely used in the manufacturing process of fluorescent lamps.
24) The chemical composition of red, green and blue fluorescent powders, analyzed by ICP-AES (Seiko Instruments Inc., SPS-3000), is listed in Table 1 . Table 1 also shows the number average particle size of the fluorescent powders, which was determined by analyzing a series of photographs taken by Scanning Electron Microscopy. 25) 
Non-polar and polar solvents
In the present study, a low density organic solvent, nheptane (C 7 H 16 ), was used as a non-polar solvent (Table 2) , whereas DMF (i.e. N,N-dimethylformamide (CH 3 ) 2 NCHO), a high density organic solvent), was used as a polar solvent ( Table 3 ). The effect of the type of solvent is already discussed in a previous work. 27) 
Surfactants
Two different surfactants have been tested to manipulate wettability of the particles: (1) dodecyl amine acetate (DAA), CH 3 (CH 2 ) 11 NH 2 ÁCH 3 COOH, i.e. a cationic surfactant; and (2) sodium 1-octanesulfonate, CH 3 (CH 2 ) 7 SO 3 Na, i.e. an anionic surfactant.
DAA was selected for the first step of the two-liquid flotation because fluorescent powders exhibit negative zeta potential in both n-heptane and DMF. 27 ) Sodium 1-octanesulfonate, on the other hand, was selected for the second step of the two-liquid flotation because blue powder is composed of Ba 2þ ion, which can interact with organosulfonate (RSO 3 À ) 28) of sodium 1-octanesulfonate improving its wettability (Table 1) . In order to determine zeta potential of each fluorescent powder in a three-component mixture, (1) electric conductivity of DMF solvent containing a surfactant, (2) adsorbed surfactant concentration on the surface of fluorescent powders and (3) zeta potential of n-heptane and each fluorescent powder immersed in DMF solvent were measured separately. The determined zeta potential will be used as an input parameter for calculating total potential energy (eqs. (1)- (6)).
First, electric conductivity of DMF solvent containing a surfactant, i.e. (a) DAA or (b) sodium 1-octanesulfonate (from 0 to 500 Â 10 À4 mol L À1 ), was measured in order to determine critical micelle concentration (CMC) of these surfactants in DMF solvent. CMC is the concentration where micellization of surfactant occurs. 29) Above the CMC, excess surfactant does not adsorb on the surface of particles; therefore any amount of surfactant below CMC should be used for the following measurements in order to make surfactant adsorb on the surface of the particles. The optimum concentration of surfactant was determined by zeta potential measurement of fluorescent powders in the following section. The DMF solvent, containing certain amount of (1) DAA or (2) sodium 1-octanesulfonate was added to a 50 mL sample vial. Electric conductivity of the solvent, was measured by using an electric conductivity meter MODEL CM-2A (TOA Electronics Ltd., Tokyo, Japan).
Second, the adsorbed amount of surfactant was analyzed by colorimetric determination in order to quantify the adsorption concentration of surfactant on the fluorescent powders. The colorimetric measurement determines the absorbance of sample solvent containing a surfactant. The difference between the absorbance of the blank solution and the sample was defined as the most suitable concentration of surfactant ((1) DAA or (2) sodium 1-octanesulfonate). The difference between the initial concentration and measured concentration is adsorbed concentration of surfactant on the fluorescent powder.
0.05 g of fluorescent powder and DMF solvent ((1) 4.0 mL, or (2) 4.5 mL) containing surfactant: (1) DAA or (2) sodium 1-octanesulfonate were first added to a 20 mL sample vial. The solvent was then shaken for 2 min, and centrifuged for other 2 min in order to separate fluorescent powder and the solvent. The supernatant solvent was diluted and then mixed with a color indicator, i.e. (1) 1.0 mL of bromophenol blue solution (C 19 H 10 Br 4 O 5 S) 30) or (2) 0.5 mL of methylene blue solution (C 16 H 18 N 3 ClS) 31) in order to quantify the surfactant concentration. The solvent was shaken for 2 min, and absorbance of the solutions was then measured by using a UV spectrometer, U-1800 (Hitachi High-Technologies Corporation, Japan) at a wavelength longer than 300 nm.
Third, zeta potential () of fluorescent powders and nheptane immersed in DMF solvent was measured as a function of concentration of (a) DAA or (b) sodium 1-octanesulfonate in DMF solvent (polar phase) in order to determine the zeta potential of fluorescent powder and nheptane. The measurement was conducted by using an Electrophoretic Light Scattering Spectrophotometer ELS-8000 (Otsuka Electronics Co. Ltd., Japan).
Aggregate size
Interactive force measurement was conducted in order to determine the size of aggregated fluorescent powders. In a typical test, 0.2 g of sample powder was added in a 50 ml vial containing with 20 ml of DMF solvent and a surfactant (i.e. (a) DAA; or (b) sodium 1-octanesulfonate) and then was shaken for 2 min. Next, 10 mL of sample solvent was transferred to the sample cell of IFA (Fig. 1) . The cell was set on the surface of the piezo-stage of the apparatus, and the hemisphere was immersed in the sample solvent inside the cell (Fig. 1) . The piezo-stage moves up and down to regulate the distance between the hemisphere and flat plate.
First, the flat plate moved in the direction of the hemisphere and contacted it. After the contact occurred (d ¼ 0 mm), the flat plate was then moved to a distance of 20 mm from the hemisphere. Next, the flat plate was moved again in the direction of the hemisphere and contact it (d ¼ 0 mm). The weight of the hemisphere was measured and recorded by using an electric balance, while the flat plate moved toward the hemisphere, decreasing the distance d from 20 mm to 0 mm (Fig. 1) . The measured weight was converted to the interactive force by using eq. (7). The interactive force (F R À1 ) was plotted as a function of surface distance between the hemisphere and flat plate (d: described in Fig. 1 ) in order to determine the aggregate size of the fluorescent powders.
Through the measurements, two kinds of the curve are obtained. These curves have some sharp peaks or broad peaks that indicate particles are dispersed or aggregate.
Separation of fluorescent powders
A two-step two-liquid flotation for separating a mixture of three kinds of fluorescent powders has been put forward and discussed in detail elsewhere. 27) In the first step, the green powder migrates toward a non-polar phase, and remains at the interface of two solvents. The remaining two components precipitated in the polar phase. In the second step, the blue powder migrates toward non-polar phase, and remains at the interface of two solvents, whereas the red powder precipitated, on the other hand, in the polar phase. In order to separate the fluorescent powders, the n-heptane was used as non-polar solvent, N,N dimethylformamide (DMF) as polar solvent, and dodecylamine (DAA) or sodium 1-octanesulfonate as surfactant.
Results and Discussion
Evaluation of heterocoagulation of fine particles and
non-polar oil droplet by DLVO theory in organic solvent 5.1.1 Zeta potential First, electric conductivity of DMF solvent as a function of DAA concentration, or sodium 1-octanesulfonate concentration was measured (Fig. 2) . There are bending points (i.e. CMC) when concentration of DAA was 400 Â 10 À4 mol L À1 , or concentration of sodium 1-octanesulfonate was 200 Â 10 À4 mol L À1 . Surfactant concentration for the following measurements should be below the concentration, since DAA or sodium 1-octanesulfonate is dissolved if concentration is less than CMC, and exists without formation of micelle.
Second, Fig. 3(a) shows that the results of the measurement of adsorbed surfactant concentration in the presence of DAA, whereas Fig. 3(b) shows that the results in the presence of sodium 1-octanesulfonate. It can be noted that adsorption amount of surfactant increases with the surfactant concentration. Also, the adsorbed amount of DAA on each fluorescent powder is different, whereas the adsorbed amount of sodium 1-octanesulfonate on each fluorescent powder is similar. In other words, each fluorescent powder has different affinity to DAA, whereas, blue and red powder has similar affinity to sodium 1-octanesulfonate. The measured adsorbed surfactant concentration is going to be used for estimating surfactant concentration dealing with each component of the mixture of the powders (i.e. red, green, blue) at the optimized initial surfactant concentration determined after zeta potential measurement.
Third, the results of measurement of zeta potential of nheptane or fluorescent powders immersed in DMF solvent are shown in Fig. 4 . The green powder exhibits the zeta potential close to zero with addition of more than 2 Â 10 À4 mol L Fig. 4(a) ). Moreover, the blue powder has the lowest zeta potential value with addition of 2 Â 10 À3 mol L À1 sodium 1-octanesulfonate (Fig. 4(b) ). Blue powder is composed of Ba 2þ ion, which can interact with organosulfonate (RSO 3 À ) 28) of sodium 1-octanesulfonate ( Table 1 ). The results indicate that zeta potential of fluorescent powders immersed in DMF is strongly affected by surfactant concentration (Fig. 4) . The optimum surfactant concentration was DAA 2 Â 10 À4 mol L À1 and sodium 1-octanesulfonate 2 Â 10 À3 mol L À1 . It should be noted that relatively low zeta potential value of one component of fluorescent powders improves the heterocoagulation of fluorescent powder and nheptane droplet due to weakening electric double layer repulsion between fluorescent powder and n-heptane droplet, and the higher difference in zeta potential of fluorescent powders is required to separate a mixture of the powders.
DAA (
The zeta potential of each powder was then estimated by considering both the results of adsorbed surfactant concentration and zeta potential assuming a mixture of the powders in the sample solvent. First, we estimated the surfactant concentration adsorbing on each fluorescent powder proportional to the initial surfactant concentration to each powder by looking at the adsorbed amount of surfactant, ((a) DAA; red: 0:2 Â 10 À4 mol L À1 , green: 0:8 Â 10 À4 mol L À1 , blue:
. Then, the value of the zeta potential of each powder immersed in DMF solvent, while the surfactant concentration was same as adsorbed amount of surfactant on respective powders, was chosen for calculating the potential energy (Fig. 4) . Table 5 gives the values of zeta potential being used for calculation. Figure 5 shows the results of the interactive force measurement, ((a) without surfactant, (b) with 2 Â 10 À4 mol L À1 of DAA, and (c) with 20 Â 10 À4 mol L À1 of sodium 1-octanesulfonate). The surfactant concentration was discussed in section 5.1.1. It can be noted that degree of agglomeration of fluorescent powders is low without surfactant since sharp peaks are observed, whereas one of fluorescent powders (Fig. 5(a) green; Fig. 5(b) blue) are aggregated with addition of surfactant since broad peaks are observed. The green particles aggregate in the presence of DAA, since broad peak is observed (i.e. approximately 14 mm) (Fig. 5(b) ). In the presence of sodium 1-octanesul- fonate, blue particles are aggregated since broad peaks are observed (i.e. average size of 3.4 mm) (Fig. 5(c) ).
Aggregate size
In the presence of surfactant, green ( Fig. 5(b) ), or blue particles (Fig. 5(c) ) are aggregated. The size of green aggregate is 14 mm, whereas the size of blue aggregate is 3.4 mm (Fig. 5) .
Calculation of total potential energy
In the present study, the DLVO theory (the sphere-plate model) is applied in order to evaluate the heterocoagulation of fine particles (fluorescent powder of spherical shape) and non-polar solvent (n-heptane as an infinite plate) in polar solvent (DMF) in the presence of surfactant (DAA or sodium 1-octanesulfonate). Total potential energies of interaction between fluorescent powders and n-heptane in DMF as a function of distance of separation were calculated by using eqs. (1)-(6) .
The parameters used in this calculation were the Hamaker constant (A) given in Table 4 , zeta potential of fluorescent powders ( 1 ) (see section 5.1.1), and half of size (a) given in Table 5 , which stands for radius of particles in eq. (2) (see section 5.1.2), zeta potential of n-heptane ( 2 ) given in Table 6 (see section 5.1.1), relative permittivity of solvent i.e. DMF (e r ) given in Table 3 (see section 4.1.2), as well as concentration (c) and valence (z) of surfactant given in Table 7 (see section 4.1.3 and 5.1.1). The absolute temperature (T) was 298 K.
The total potential energies (V T ) of interaction between the fluorescent particle and the n-heptane droplet ((1) redn-heptane, (2) green-n-heptane and (3) blue-n-heptane) at 2 Â 10 À4 mol L À1 of DAA are given as a function of separation distance (H) (Fig. 6(a) ). Figure 6(a) shows that the attractive force between green particle and n-heptane droplet is stronger when compared with repulsive force. Therefore, heterocoagulation of green particle and n-heptane is more feasible when compared with blue and red particles, which shows the repulsive force between the particle and nheptane. Table 6 Zeta potential of n-heptane used in the calculation of total potential energy. The initial surfactant concentration in DMF solvent was 2 Â 10 À4 mol L À1 of DAA at the 1st step, and 20 Â 10 À4 mol L À1 of sodium 1-octanesulfonate at the 2nd step.
Separation step
Zeta potential, 2 /V 1st step À53 Â 10
À3
2nd step À53 Â 10 À3 Table 7 Surfactant concentration and valence of surfactant used in the calculation of total potential energy. Table 4 Hamaker constants used in the calculation of total potential energy. The total potential energy (V T ) of interaction between the fluorescent particle and the n-heptane droplet ((1) red-nheptane, (2) blue-n-heptane) at 20 Â 10 À4 mol L À1 of sodium 1-octanesulfonate are presented as a function of separation distance (H) (Fig. 6(b) ). Figure 6(b) shows that the attractive force between blue fluorescent particle and n-heptane droplet is stronger when compared with repulsive force. Therefore, heterocoagulation of blue particle and n-heptane is more feasible when compared with red particle, which shows the repulsive force between the particle and n-heptane.
Type of hamaker constant
The results of calculations explain the heterocoagulation mechanism of hydrophobic fluorescent powders ((1) green powder in the presence of DAA, and (2) blue powder in the presence of sodium 1-octanesulfonate) and n-heptane droplet in DMF solvent. The green particles exhibit high degree of agglomeration in the presence of DAA. Moreover, the blue particles show high degree of agglomeration in the presence of sodium 1-octanesulfonate (Fig. 6 ).
Separation of fluorescent powders
Based on the measuring input parameters and the calculation of potential energy according to DLVO theory applied to a system of micro-size particles immersed in a polar organic solvent, heterocoagulation mechanism of fluorescent powder and n-heptane droplet was evaluated. These results suggested the following mechanism of two-liquid flotation. First, surfactant is attached on the surface of hydrophobic particles (green particles in the presence of DAA, or blue particles in the presence of sodium 1-octanesulfonate) (Fig. 7(b) ). The hydrophobic particles are then aggregated with other hydrophobic particles (Fig. 7(c) ). The aggregated hydrophobic particle is next attached on the surface of nonpolar (n-heptane) droplet due to the negative potential energy between particle and non-polar droplet (Fig. 7(d) ). Then the aggregated particles attached on the surface of non-polar droplet migrated toward the interface of two phases (Fig. 7(e) ), and are collected at the interface, whereas the other particles (hydrophilic particle) precipitate in DMF (Fig. 7(f) ). Surface free energy of heptane-DMF interface could support only aggregate whose size is less than about 1600 mm. 19) By considering the measured aggregate size of the powders by interactive free energy, the aggregate size (green: 14 mm, blue: 3.4 mm) was below the maximum value (1600 mm). Therefore, the aggregate of the powders was trapped by the surface free energy of the heptane-DMF interface. The mechanism was verified by presenting a set of experimental results regarding the separation of a mixture of fluorescent powders (i.e. red, green, blue). The grade and recovery of each product were between 90 and 95% (Table 8 27)
).
Conclusions
The paper evaluated the heterocoagulation of particles and non-polar oil droplet immersed in polar organic solvent in order to elucidate the mechanism of two-liquid flotation when separating a mixture of micron size fluorescent powders. In other words, the authors (1) measured zeta potential and the aggregate size of fluorescent powders as input parameters of calculation of potential energy according to DLVO theory, and (2) applied the DLVO theory in order to evaluate the heterocoagulation mechanism of fluorescent powders and n-heptane droplet in polar organic solvent.
Zeta potential of each fluorescent powder was estimated (in the 1st step, red: À50 Â 10 À3 V; green: À14 Â 10 À3 V; blue: À40 Â 10 À3 V, whereas in the 2nd step, red: À27 Â 10 À3 V; blue: À6 Â 10 À3 V) when the optimum surfactant concentration (2 Â 10 À4 mol L À1 of DAA in the 1st step, 20 Â 10 À4 mol L À1 of sodium 1-octanesulfonate in the 2nd step) was added to the DMF solvent containing the mixture of fluorescent powders. The aggregate size of the fluorescent powders was analyzed by the interactive force measurements in the presence of surfactant at optimum concentration. Moreover, the radius of the aggregate ((1) 7.0 mm of green in the presence of DAA, (2) 1.7 mm of blue in the presence of sodium 1-octanesulfonate) was used as a parameter of calculation of potential energy according to the DLVO theory.
The total potential energy was calculated according to DLVO theory applied to a system of micro-size particles immersed in a polar organic solvent, by using the parameters obtained through the series of measurement. The results indicated that the heterocoagulation of one of fluorescent powders and n-heptane droplet in DMF solvent is feasible in the presence of surfactant ((1) green particle-n-heptane droplet in the presence of 2 Â 10 À4 mol L À1 of DAA, (2) blue particle-n-heptane droplet in the presence of sodium 1-octanesulfonate 20 Â 10 À4 mol L À1 ). Based on these findings, the mechanism of two-liquid flotation was elucidated. Thus, fluorescent powders to be separated are first covered by surfactant, and then aggregated with other powders covered by surfactant. Next, the aggregates attached on the surface of non-polar droplet, and then migrated toward the interface of two phases, and collected at the interface, whereas the other powders precipitate in polar solvent. The mechanism was verified by presenting a set of experimental results regarding the separation of a mixture of fluorescent powders (i.e. red, green, blue). A Hamaker constant (J) a radius of particle (m) a no radius of non-polar oil droplet ( 
